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PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 



January 9, 2002 



Washington, DC 20231 
Sir: 

The following preliminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE CLAIMS 

Please replace the original claims with the following new claims: 
1 . A fuel cell, comprising: 
a cathode; 
an electrolyte; 
an anode; 

interconnector plates; and 
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at least one metallic mesh, inserted between the anode and an interconnector 
plate for flexibly making contact, wherein the at least one metallic mesh is protected against 
oxidation. 

2. The fuel cell as claimed in claim 1 , wherein the at least one metallic mesh is 
coated with an oxidation-resistant protective layer. 

3. The fuel cell as claimed in claim 1, wherein the mesh is a coated nickel mesh. 

4. The fuel cell as claimed in claim 1, wherein the mesh is a coated stainless steel 

mesh. 

5. The fuel cell as claimed in claim 2, wherein the protective layer includes 
chromium. 

6. The fuel cell as claimed in claim 2, wherein the protective layer includes 
chromium carbide. 

7. The fuel cell as claimed in claim 6, wherein at least one of Cr 3 C 2 , CrC, Cr 7 C 3 
and Cr23C6 is used as chromium carbide. 

8. The fuel cell as claimed in claim 1, wherein the protective layer has a 
thickness of approximately 0.1-10 fim. 

Please add the following new claims: 

9. The fuel cell as claimed in claim 2, wherein the mesh is a coated nickel mesh. 

10. The fuel cell as claimed in claim 2, wherein the mesh is a coated stainless steel 

mesh. 

11. The fuel cell as claimed in claim 3, wherein the protective layer includes 
chromium. 
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12. The fuel cell as claimed in claim 4, wherein the protective layer includes 
chromium. 

13. The fuel cell as claimed in claim 3, wherein the protective layer includes 
chromium carbide. 

14. The fuel cell as claimed in claim 4, wherein the protective layer includes 
chromium carbide. 

15. The fuel cell as claimed in claim 5, wherein the protective layer includes 
chromium carbide. 

16. A fuel cell stack, comprising: 

a plurality of fuel cells, each fuel cell including, 
a cathode, 
an electrolyte, 
an anode, 

interconnector plates, and 

at least one metallic mesh, inserted between the anode and an 
interconnector plate for flexibly making contact, wherein the at least one metallic mesh is 
protected against oxidation. 

17. The fuel cell stack of claim 16, wherein the at least one metallic mesh is 
coated with an oxidation-resistant protective layer. 

18. The fuel cell stack of claim 16, wherein the mesh is a coated nickel mesh. 

19. The fuel cell stack of claim 17, wherein the mesh is a coated nickel mesh. 

20. The fuel cell stack of claim 16, wherein the mesh is a coated stainless steel 

mesh. 



PCT National Stage Application 
Docket No.: 32860-000265/US 

REMARKS 

Claims 1-20 are now present in this application, with new claims 9-20 being added by 
the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-8 of the present application are non-narrowing amendments, made solely to place the 
claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to broaden the claims; 
remove reference numerals in the claims; remove the European phrase "characterized in that"; 
remove multiple dependencies in the claims; and to place claims in a more recognizable U.S. 
form, including the use of the transitional phrase "comprising" as well as the phrase 
"wherein". Other such non-narrowing amendments include rearranging apparatus-type claims 
(setting elements forth in separate paragraphs) into a more recognizable U.S. form. Again, all 
amendments are non-narrowing and have been made solely to place the claims in proper form 
for U.S. practice and not to overcome any prior art or for any other statutory considerations. 

SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
lieu of substitute paragraphs in connection with the present Preliminary Amendment. The 
substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 
specification includes paragraph numbers to facilitate amendment practice as requested by the 
U.S. Patent and Trademark Office. 

-4- 
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CONCLUSION 



Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-20 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, 
extension of time fees. 



Respectfully submitted, 



HARNESS, DICKEY & PIERCE, P.L.C 




DJD:kna 



P.O. Box 8910 
Reston, Virginia 20195 
(703) 390-3030 
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ABSTRACT OF THE DISCLOSURE 
A fuel cell or a fuel cell stack includes cathodes arranged in parallel in layers, an 
electrolyte, anodes and interconnector plates. Further, at least one metallic mesh is included, 
which is inserted between an anode and an interconnector plate for flexibly making contact. 
The at least one metallic mesh is protected against oxidation. 
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SUBSTITUTE SPECIFICATION 

ELECTRICAL BONDING PROTECTED AGAINST OXIDATION ON THE GAS 
COMBUSTION SIDE OF A HIGH-TEMPERATURE FUEL CELL 

[0001] This application is the national phase under 35 U.S.C. §'3,71 of PCT International 
Application No. PCT/DE00/0207 1 which has an International filing date of June 26, 2000, 
which designated the United States of America, the entire contents of which are hereby 
incorporated by reference. 

Field of the Invention 

[0002] The invention generally relates to a fuel cell or a fuel cell stack. 
Background of the Invention 

[0003] It is known that connecting a plurality of fuel cells in series results in a fuel cell stack. 
Such a fuel cell stack includes an interconnector plate, a protective layer, a contact layer, a 
cathode, an electrolyte, an anode, a further contact layer and a further interconnector plate. 
The interconnector plate forms a unit with the protective and contact layers, which are each 
sprayed on. Cathode, electrolyte and anode form the electrolyte/electrodes unit. The 
corresponding units are laid in parallel, in layers, on top of one another and the same 
sequence is repeated a number of times. 

[0004] Cathode, electrolyte and anode form an electrolyte/electrodes unit. In each case one 
electrolyte/electrodes unit, lying between adjacent interconnector plates, together with the 
contact and protective layers which bear directly against the electrolyte/electrodes unit on 
both sides, forms a high-temperature fuel cell. The fuel cell also includes those sides of each 
of the two interconnector plates which bear against the protective layer or the contact layers. 
The interconnector plates usually consist of CrFe5 with 1% of Y oxide, known as an ODS 
alloy. 

[0005] Gas ducts, through which, firstly, the fuel gas, for example hydrogen or methane 
(natural gas), and, secondly, oxygen or air is passed, are formed in the interconnector plate. 
The hydrogen is passed to the anode side, the oxygen or air to the cathode side. These gases 
are passed through at a relatively low excess pressure of less than 1 bar. 
[0006] The planar design of the high-temperature fuel cell requires the contact between the 
electrodes in both gas spaces to be over as much of the surface as possible. On the cathode 
side, contact with the electrode is ensured by a contact layer made from La perovskite, e.g. 
La8SrO 0 .2MnO 3 . This perovskite is stable in air. By contrast, on the fuel cell side contact with 
the electrode, i.e. the anode, is more difficult to achieve. However, complete contact with the 



1 



New PCT Application 
Docket No. 32860-000265/US 



anode is necessary, on account of the low transverse conductivity of the anode. The anode is 
produced by the screen-printing process and is therefore not planar over the entire surface, 
which means that a flexible contact-making element which has very good electrical 
conductivity and must be able to withstand an operating period of approximately 40,000 h is 
required. 

[0007] The prior art provides for nickel meshes to be used as flexible contact-making 
elements. By way of example, a fine nickel mesh and a coarse nickel mesh are laid on top of 
one another and are spot-welded to one another, so that a flexible interlayer with good contact 
is created. 

[0008] A drawback which has emerged in the prior art is that an oxide layer, which in the 
area without material -to-material bonding consists of Cr 2 0 3 (Cr x O y ), and in the area with 
material-to-material bonding probably consists of an CrNi spinel, grows in the region of 
direct contact between the nickel mesh and CrFe5 both during soldering of the fuel cell stack 
and during operation of the fuel cell or of the fuel cell stack. These oxide layers are thought 
to be largely responsible for the excessively high series resistances of the high-temperature 
fuel cells. Consequently, the electrical output is greatly adversely affected. 
[0009] Moreover, during soldering of the fuel cell stack using a glass solder in an air 
atmosphere, the nickel mesh is oxidized at the surface of the wires, to a depth of a few /xm 
into the interior of the wires. The formation of nickel(II) oxide (NiO), which has a volume 
which is approximately 16% greater than nickel, leads to an increase in thickness of the 
overall mesh assembly of around 10-40 [im (depending on the soldering conditions). The 
increase in thickness in the oxidized region of the wire is more than 16%, since the NiO 
formed is porous. During the oxidation, the nickel meshes and their wires sinter together. 
During the subsequent reduction of the nickel mesh, the original thickness of the mesh 
assembly is restored or even, under certain circumstances, reduced further. 
[0010] During this reduction, the nickel wires sinter together, so that a reduction in the 
desired flexibility and also a reduction in the thickness occur, which is undesirable. The 
reduction in thickness may also lead to contact separation, which can lead to damage to 
components. 

SUMMARY OF THE INVENTION 
[0011] The invention is based on an object of further developing a fuel cell or a fuel cell 
stack in such a manner that the reduction in thickness and flexibility of the nickel mesh(es) is 
avoided. As such, contact between the anode and the interconnector plate which is as 
complete as possible can be achieved. 

[0012] This object is achieved by patent claim 1. Advantageous refinements of the fuel cell 
will emerge from subclaims 2-8. 
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[0013] In one embodiment, at least one metallic mesh, which is protected against oxidation, 
is inserted between anode and interconnector plate in order to flexibly make contact. 
[0014] Meshes of this type as the contact layer have the advantage that they can no longer be 
oxidized, and consequently the increase in thickness is also eliminated. Since no oxidation 
has taken place, there is also no need for a reduction of the metallic meshes. Further, the 
associated drawbacks, such as for example contact separations during the reduction in 
thickness or flexibility losses, do not occur. On account of the fact that the 
oxidation/reduction process does not take place, the original thickness and flexibility of the 
oxidation-protected meshes is retained, so that a contact layer which makes very good contact 
between anode and interconnector is created. Moreover, a reduction in the thickness of the 
metallic meshes as the service life progresses is prevented. 

[0015] The metallic meshes are expediently coated with an oxidation-resistant protective 
layer. In this way, the metallic meshes, e.g. nickel meshes, remain unaffected both in terms of 
their composition and in terms of their mechanical and electrical properties, i.e., inter alia, 
they remain substantially flexible, do not bring about any change in thickness and 
substantially retain their advantageous properties. It is advantageous in this case that, before 
being introduced as flexible contact layer, the metallic meshes are subjected to the coating 
process. The assembly with the other components and the soldering are then to be carried out 
in the customary way. 

[0016] Coated nickel meshes can be provided as metallic meshes. The nickel meshes satisfy 
the requirements with regard to flexibility and also electrical conductivity. 
[0017] The metallic meshes provided may also be coated stainless steel meshes, which have 
the property of only being superficially oxidized, down to a depth of approximately 5 /urn. 
The stainless steel meshes are in this case likewise coated with an oxidation-resistant 
protective layer. A further advantage of the stainless steel meshes is that their coefficient of 
thermal expansion is well matched to the thermal characteristics of the components of the 
fuel cell stack. This property is highly advantageous in particular when the fuel cell operates 
at high temperatures. 

[0018] The protective layer advantageously contains chromium, and is therefore matched to 
the chemical composition of the interconnector plate. 

[0019] The protective layer advantageously includes chromium carbide, which is highly 
electrically conductive and adheres very well to the metallic mesh. Moreover, a chromium 
carbide layer is very resistant to corrosion at corresponding oxygen partial pressures on the 
fuel gas side. Furthermore, these layers are stable when methane or gases derived from 
carbon, which are later charge media on the fuel gas side of the high-temperature fuel cell, 
are used. 
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[0020] A further advantage of the coating with chromium carbide consists in the fact that, 
when using gases which are derived from carbon and are passed through the gas ducts on the 
anode side of the interconnector plates, minor constituents of the protective layers are 
restored again by the gases derived from carbon. Therefore, the chromium carbide layer is 
particularly favorable in thermodynamic terms. 

[0021] By way of example, the chromium carbide used may be Cr 3 C 2 , CrC, Cr 7 C 3 or C^Q. 
[0022] It is also possible for the protective layer of the metallic meshes to include chromium 
nitride. 

[0023] The protective layer expediently has a thickness d of 0.1-10 jtim, so that, firstly, 
sufficient resistance to oxidation is provided and, secondly, the flexibility of the metallic 
meshes is scarcely restricted. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] The invention is explained in more detail with reference to an advantageous 
exemplary embodiment shown in the drawings, in which: 

Fig. 1 shows a diagrammatic cross-sectional illustration of the layers of a fuel cell, 
and 

Fig. 2 shows an enlarged, diagrammatic cross-sectional illustration of a coated nickel 
mesh. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] A fuel cell 1, in one embodiment corresponding to the diagrammatic illustration in 
Fig. 1, includes an interconnector plate 5', a protective layer 8, a contact layer 9, a cathode 2, 
an electrolyte 3, an anode 4, two metallic meshes 6, 6' which rest on top of one another, and 
an interconnector plate 5. Such a fuel cell 1 as shown in Fig. 1 can be part of a fuel cell 
stack. The components are preferably arranged in parallel, in layers, on top of one another. 
The metallic meshes can be nickel, and the metallic mesh 6 is preferably thinner than the 
mesh 6'. 

[0026] The nickel meshes 6, 6' are protected against oxidation, in order to avoid oxidation of 
these meshes, which usually occurs during soldering of the entire fuel cell stack. The 
oxidation of the nickel meshes is linked to an increase in thickness, the original thickness of 
the mesh assembly being restored during the subsequent reduction operation. This may lead 
to contact separations, which can cause damage to components. Moreover, after the reduction 
the nickel wires become sintered together, so that the desired flexibility is reduced. 
Accordingly, the oxidation-protected meshes avoid the oxidation/reduction process of the 
mesh assembly and the associated drawbacks. The original flexibility and the thickness of the 
meshes can be retained, so that complete contact between anode 4 and the contact layer of the 
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nickel meshes 6, 6' and the interconnector plate 5 is created. Moreover, a reduction in 
thickness of the nickel meshes 6, 6' during operation of the fuel cell 1 is prevented. 
[0027] As can be seen from Fig. 1 and Fig. 2, the nickel meshes 6, 6' are provided with an 
oxidation-resistant protective layer 7. This coating may be carried out before assembly of the 
individual components. Therefore, the original, advantageous properties of the nickel meshes 
6, 6' are not changed by an oxidation process and a subsequent reduction process. Fig. 2 
shows an enlarged excerpt illustrating the coating of a nickel mesh 6 or 6'. 
[0028] Stainless steel meshes, which have the advantage of a coefficient of longitudinal 
thermal expansion being matched to the components of the high-temperature fuel cell, may 
also be provided instead of the nickel meshes 6, 6'. 

[0029] The protective layer 7 includes chromium carbide, which has the advantage that, 
when using gases derived from carbon, which are introduced through the gas ducts on the 
anode side of the interconnector plates 5, 5', constituents which disappear from the protective 
layers are restored again by the gases derived from carbon. 

[0030] Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 2 3C 6 or similar chromium carbides with different valencies 
can be used as chromium carbides. 

[0031] The protective layer 7 has a thickness d of 0.1-10 jura, in order to reliably prevent 
oxidation and to scarcely affect the flexibility of the nickel meshes 6, 6'. 
[0032] The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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£uJl &/u/<nj The invention^ relates to a fuel cell or a fuel cell 
st ack» having — feJie — f-u^thei — reatur^B — uf — the preaifitte — ©£- 
- pat e nt claim — 1 . 

10 It is known that connecting a plurality of fuel cells 

U . . ■, ^ • r- S«£k_*- fu*J? CefV. 4-t«.c<e. / 

^ in series results m a fuel cell stack. which/, in order ' 

O comprises^ an interconnector plate, a protective layer, 

fj a contact layer, a cathode, an electrolyte, an anode, a 

U further contact layer and a further interconnector 

W 15 plate. The interconnector plate forms a unit with the 
s 5 .. protective and contact layers, which are each sprayed 

O on. Cathode, electrolyte and anode form the 

yi electrolyte/electrodes unit. The corresponding units 

are laid in parallel, in layers, on top of one another 
and the same sequence is repeated a number of times. 

Cathode, electrolyte and anode form an 

electrolyte/electrodes unit. In each case one 
electrolyte/electrodes unit, lying between adjacent 
25 interconnector plates, together with the contact and 
protective layers which bear directly against the 
electrolyte/electrodes unit on^ both sides, forms a 
high- temperature fuel cell X whieh^ al^o includes those 
sides of each of the twcT interconnector plates which 
3 0 bear against the protective layer or the contact 
layers. The interconnector plates usually consist of 
CrFe5 with 1% of Y oxide, known as an ODS alloy. 

Gas ducts, through which, firstly, the fuel gas, for 
3 5 example hydrogen or methane (natural gas) , and, 
secondly, oxygen or air is passed, are formed in the 
interconnector plate. The hydrogen is passed to the 
anode side, the oxygen or air to the cathode side. 



These gases are passed through at a relatively low 
excess pressure of less than 1 bar. 

The planar design of the high-temperature fuel cell 
requires the contact between the electrodes in both gas 
spaces to be over as much of the surface as possible. 
On the cathode side, contact with the electrode is 
ensured by a contact layer made from La perovskite, 
e.g. La 8 SrO 0 .2MnO 3 . This perovskite is stable in air. By 
contrast, on the fuel cell side contact with the 
electrode, i.e. the anode, is more difficult to 
achieve. However, complete contact with the anode is 
necessary, on account of the low transverse 
conductivity of the anode. The anode is produced by the 
screen-printing process and is therefore not planar 
over the entire surface, which means that a flexible 
contact-making element which has very good electrical 
conductivity and must be able to withstand an operating 
period of approximately 40,000 h is required. 

The prior art provides for nickel meshes to be used as 
flexible contact-making elements. By way of example, a 
fine nickel mesh and a coarse nickel mesh are laid on 
top of one another and are spot-welded to one another, 
so that a flexible interlayer with good contact is 
created. 



A drawback which has emerged in the prior art is that 
an oxide layer, which in the area without material-to- 
material bonding consists of Cr 2 0 3 (Cr x O y ) , and in the 
area with material- to-material bonding probably 
consists of an CrNi spinel, grows in the region of 
direct contact between the nickel mesh and CrFe5 both 
during soldering of the fuel cell stack and during 
operation of the fuel cell or of the fuel cell stack. 
These oxide layers are thought to be largely 
responsible for the excessively high series resistances 
of the high-temperature fuel cells. Consequently, the 
electrical output is greatly adversely affected. 



Moreover, during soldering of the fuel cell stack using 
a glass solder in an air atmosphere, the nickel mesh is 
oxidized at the surface of the wires, to a depth of a 
5 few jum into the interior of the wires. The formation of 
nickel (II) oxide (NiO) , which has a volume - which is 
approximately 16% greater than nickel, leads to an 
increase in thickness of the overall mesh assembly of 
around 10-40 fim (depending on the soldering 

10 conditions) . The increase in thickness in the oxidized 
region of the wire is more than 16%, since the NiO 
formed is porous. During the oxidation, the nickel 
meshes and their wires sinter together. During the 
subsequent reduction of the nickel mesh, the original 

15 thickness of the mesh assembly is restored or even, 
under certain circumstances, reduced further. 

During this reduction, the nickel wires sinter 
together, so that a reduction in the desired 
2 0 flexibility and also a reduction in the thickness 
occur, which is undesirable. The reduction in thickness 
may also lead to contact separation, which can lead to 
damage to components . 

25 The invention is based on tehe"""' object of further 
developing a fuel cell or a fuel cell s tack^tevimg-^the 
<£eafcu rft,s of -the preamble of paLuuL eluim -i in such a 
manner that the reduction in thickness and flexibility 
of the nickel mesh(es) is avoided^, s o* * tha t 7 contact 
30 between the anode and the interconnector plate which is 
as complete as possible can be achieved. 

This object is achieved by fcfee-rHi aracLeiir ing ffeatuf ey 
-e*- patent claim 1. Advantageous refinements of the fuel 
cell will emerge from subclaims 2-8. 

xS^^ SQ ~ £ ' f thP> invpn1 " io1 ^ is regarded as hping t hat 
) at least one metallic mesh, which is protected against 
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oxidation, is inserted between anode and interconnector 
plate in order to flexibly make contact. 

Meshes of this type as the contact layer have the 
5 advantage that they can no longer be oxidized, and 
consequently the increase in thickness is also 
eliminated. Since no oxidation has taken place, there 
is also no need for a reduction of the metallic meshes^. fu.f4k^ } 
- wi th the associated drawbacks, such as for example 

10 contact separations during the reduction in thickness 
or flexibility losses, do not occur. On account of the 
fact that the oxidation/reduction process does not take 
place, the original thickness and flexibility of the 
oxidation-protected meshes is retained, so that a 

15 contact layer which makes very good contact between 
anode and interconnector is created. Moreover, a 
reduction in the thickness of the metallic meshes as 
the service life progresses is prevented. 

2 0 The metallic meshes are expediently coated with an 
oxidation-resistant protective layer. In this way, the 
metallic meshes, e.g. nickel meshes, remain unaffected 
both in terms of their composition and in terms of 
their mechanical and electrical properties, i.e., inter 

25 alia, they remain substantially flexible, do not bring 
about any change in thickness and substantially retain 
their advantageous properties. It is advantageous in 
this case that, before being introduced as flexible 
contact layer, the metallic meshes are subjected to the 

30 coating process. The assembly with the other components 
and the soldering are then to be carried out in the 
customary way. 

Coated nickel meshes can be provided as metallic 
35 meshes. The nickel meshes satisfy the requirements with 
regard to flexibility and also electrical conductivity. 

The metallic meshes provided may also be coated 
stainless steel meshes, which have the property of only 
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being superficially oxidized, down to a depth of 
approximately 5 jum. The stainless steel meshes are in 
this case likewise coated with an oxidation-resistant 
protective layer. A further advantage of the stainless 
5 steel meshes is that their coefficient of thermal 
expansion is well matched to the thermal 
characteristics of the components of the fuel cell 
stack. This property is highly advantageous in 
particular when the fuel cell operates at high 
10 temperatures. 

The protective layer advantageously contains chromium, 
and is therefore matched to the chemical composition of 
the interconnector plate. 

The protective layer advantageously / eons is L a &€ 

chromium carbide, which is highly electrically 
conductive and adheres very well to the metallic mesh. 
Moreover, a chromium carbide layer is very resistant to 
20 corrosion at corresponding oxygen partial pressures on 
the fuel gas side. Furthermore, these layers are stable 
when methane or gases derived from carbon, which are 
later charge media on the fuel gas side of the high- 
temperature fuel cell, are used. 

25 

A further advantage of the coating with chromium 
carbide consists in the fact that, when using gases 
which are derived from carbon and are passed through 
the gas ducts on the anode side of the interconnector 
3 0 plates, minor constituents of the protective layers are 
restored again by the gases derived from carbon. 
Therefore, the chromium carbide layer is particularly 
favorable in thermodynamic terms. 

3 5 By way of example, the chromium carbide used may be 
Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 23 C 6 . 

It is also possible ,fqr the protective layer of the 
metallic meshes to co nsist e-f chromium nitride. 



- 6 - 



y 



The protective layer expediently has a thickness d of 
0.1-10 jum, so that, firstly, sufficient resistance to 
oxidation is provided and, secondly, the flexibility of 
the metallic meshes is scarcely restricted. 

The invention is explained in more detail with 
reference to an advantageous exemplary embodiment shown 
in the drawings, in which: 

Fig. 1 shows a diagrammatic cross-sectional 

illustration of the layers of a fuel cell, and 

Fig. 2 shows an enlarged, diagrammatic cross-sectional 
illustration of a coated nickel mesh. 

fuel cull bLa ek- nf fe- fee^ fuel cell 1 ^Corresponding to 
the diagrammatic illustration in Fig. 1 ^ oempr i&es*' an 
interconnector plate 5', a protective layer 8, a 



O 20 contact layer 9, a cathode 2, an electrolyte 3, an 
anode 4, two nick e- 1 meshes 6, 6' which rest on top of 
one another, and an interconnector plate 

components being \ arranged in, parallel, in layers^ orT ''^^ c 

top of one another. The mrefeeOjj mesh 6 thinner than f*TjL 

2 5 the n- ick e l mesh 6'. ^ F^*^ c^ vV iL, 



The nickel meshes 6, 6' are protected against 
oxidation, in order to avoid oxidation of these meshes, 
which usually occurs during soldering of the entire 
fuel cell stack. The oxidation of the nickel meshes is 
linked to an increase in thickness, the original 
thickness of the mesh assembly being restored during 
the subsequent reduction operation. This may lead to 
contact separations, which can cause damage to 
components. Moreover, after the reduction the nickel 
wires become sintered together, so that the desired 
flexibility is reduced. Accordingly, the oxidation- 
protected meshes avoid the oxidation/reduction process 
of the mesh assembly and the associated drawbacks. The 



original flexibility and the thickness of the meshes 
can be retained, so that complete contact between anode 
4 and the contact layer of the nickel meshes 6, 6' and 
the interconnector plate 5 is created. Moreover, a 
reduction in thickness of the nickel meshes 6, 6' 
during operation of the fuel cell 1 is prevented. 

As can be seen from Fig. 1 and Fig. 2, the nickel 
meshes 6, 6' are provided with an oxidation-resistant 
protective layer 7. This coating may be carried out 
before assembly of the individual components. 
Therefore, the original, advantageous properties of the 
nickel meshes 6, 6' are not changed by an oxidation 
process and a subsequent reduction process. Fig. 2 
shows an enlarged excerpt illustrating the coating of a 
nickel mesh 6 or 6' . 

Stainless steel meshes, which have the advantage of a 
coefficient of longitudinal thermal expansion being 
matched to the components of the high- temperature fuel 
cell, may also be provided instead of the nickel meshes 
6, 6' . 



The protective layer 7 co asiata jzt chromium carbide, 
which has the advantage that, when using gases derived 
from carbon, which are introduced through the gas ducts 
on the anode side of the interconnector plates 5, 5', 
constituents which disappear from the protective layers 
are restored again by the gases derived from carbon. 

Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 23 C6 or similar chromium carbides 
with different valencies can be used as chromium 
carbides . 

The protective layer 7 has a thickness d of 0.1-10 fxm, 
in order to reliably prevent oxidation and to scarcely 
affect the flexibility of the nickel meshes 6, 6'. 




f^OOD -u? CLAUDS 



PaLenL- clai ms 



1 A f u 



fuel cell^Tl) or a fuel cell stack), ^havingj Cgf nS " & 



(cathodes (2) arranged in parallel in layer£^4{§ rA-fruMiL' 
'Wjelectrolyte (J3,/J^£nodes (4) and] -"interconnector 



plates Qs, 5'), as well asj^jft least onemetallic 
mesh^(76, 6') which is^inserted between^anode Q 4 fj 
and i interconnector plate f(5) jf or flexibly making 
contact, /characterized in that) j£ tHe at least one 
10 metallic mesh j\e , 6 ' is protected against 

H= oxidation. 

1 0^4) 

yj 2> The fuel cell as claimed in claim 1, characterized 

p in tha^ 'j&e at least one metallic mesh ((6, 6'7j is 

pi 15 coated with an oxidation-resistant protective 

U1 layer jj7jj. 

3 . The fuel cell as claimed^ in (one of claimsjjl (qt 2], 
(Characterized in thatj jthe mesh jT<o , 6^ is a coated 
nickel mesh. 

The fuel cell as claimed inj|pie^of the preceding 
claim^, (characterized in tha^ fth^"^esh ^6, 6'TJ is 
a coated stainless steel mesh. 

. U The fuel cell as claimed in \ [claims 2-4J, 
^characterized^ in that} Jthe* 1 protective layer£j7) 
containsjj^&hromium . 



The fuel cell as claimed inj|one of tjhe^ preceding 
claims 2-j^, jcharacter j.zed ^in thatj/the protective 
layer ^7) consists o^chromium carbide. 

The fuel cell as claimed -in claim 6, [characterized 
in thatj ^"r 3 C 2/ CrC, Cr 7 C 3 /orf^"Cr 23 C 6 is used as 
chromium carbide . 

\Jr rpj-jg f ue i cell as claimed inj^ej^of.^ the preceding 
claim^, (characterized in thatj jthe protective layer 
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(J7)^ has a thickness (TdQ of approximately 0.1- 
10 /xm. 

IX, v b 



(L A 

-Hi 

I? -?U- th^ck cA"* J 



Abstract 



Oxj^tion-pj?^ contact-making element 

®n the~fuel gas side of a hig^-^Epi^aft^ 

Th e iJ33£enjLLo]x^j^gtes t -r>4 fuel cell ffl"or a fuel cell 
stack/^teving ^cathodes -fS-f arranged in parallel in 
layers, ^e n - 
plates {£■ 



layers, jl electrolyte anodes -fH-and interconnector 

r&7 — 5~)-v as well as at least one metallic mesh 
. .• ^which xs inserted between) anode and 
^ interconnector plate -f5* for flexibly making contacty, 

wteeafein the at least one metallic mesh e^-f is 

protected against oxidation. 
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Oxidation-p rotected electrical contact -makin g element 
on the fuel gas side of a high- temperature fuel cell 

The invention relates to a fuel cell or a fuel cell 
stack having the further features of the preamble of 
patent claim 1. 

It is known that connecting a plurality of fuel cells 
in series results in a fuel cell stack which, in order, 
comprises an interconnector plate, a protective layer, 
a contact layer, a cathode, an electrolyte, an anode, a 
further contact layer and a further interconnector 
plate. The interconnector plate forms a unit with the 
protective and contact layers, which are each sprayed 
on. Cathode, electrolyte and anode form the 
electrolyte/electrodes unit. The corresponding units 
are laid in parallel, in layers, on top of one another 
and the same sequence is repeated a number of times. 

Cathode, electrolyte and anode form an 

electrolyte/electrodes unit. In each case one 
electrolyte/electrodes unit, lying between adjacent 
interconnector plates, together with the contact and 
protective layers which bear directly against the 
electrolyte/electrodes unit on both sides, forms a 
high- temperature fuel cell, which also includes those 
sides of each of the two interconnector plates which 
bear against the protective layer or the contact 
layers. The interconnector plates usually consist of 
CrFe5 with 1% of Y oxide, known as an ODS alloy. 

Gas ducts, through which, firstly, the fuel gas, for 
example hydrogen or methane (natural gas), and, 
secondly, oxygen or air is passed, are formed in the 
interconnector plate. The hydrogen is passed to the 
anode side, the oxygen or air to the cathode side. 



Description 



These gases are passed through at a relatively low 
excess pressure of less than 1 bar. 

The planar design of the high- temperature fuel cell 
requires the contact between the electrodes in both gas 
spaces to be over as much of the surface as possible. 
On the cathode side, contact with the electrode is 
ensured by a contact layer made from La perovskite, 
e.g. La 8 SrOo.2Mn0 3 . This perovskite is stable in air. By 
contrast, on the fuel cell side contact with the 
electrode, i.e. the anode, is more difficult to 
achieve. However, complete contact with the anode is 
necessary, on account of the low transverse 
conductivity of the anode. The anode is produced by the 
screen-printing process and is therefore not planar 
over the entire surface, which means that a flexible 
contact-making element which has very good electrical 
conductivity and must be able to withstand an operating 
period of approximately 40,000 h is required. 

The prior art provides for nickel meshes to be used as 
flexible contact-making elements. By way of example, a 
fine nickel mesh and a coarse nickel mesh are laid on 
top of one another and are spot-welded to one another, 
so that a flexible inter layer with good contact is 
created. 

A drawback which has emerged in the prior art is that 
an oxide layer, which in the area without material- to- 
material bonding consists of Cr 2 0 3 (Cr x O y ) , and in the 
area with material-to-material bonding probably 
consists of an CrNi spinel, grows in the region of 
direct contact between the nickel mesh and CrFe5 both 
during soldering of the fuel cell stack and during 
operation of the fuel cell or of the fuel cell stack. 
These oxide layers are thought to be largely 
responsible for the excessively high series resistances 
of the high- temperature fuel cells. Consequently, the 
electrical output is greatly adversely affected. 



Moreover, during soldering of the fuel cell stack using 
a glass solder in an air atmosphere, the nickel mesh is 
oxidized at the surface of the wires, to a depth of a 
few /zm into the interior of the wires. The formation of 
nickel (II) oxide (NiO) , which has a volume which is 
approximately 16% greater than nickel, leads to an 
increase in thickness of the overall mesh assembly of 
around 10-40 ftm (depending on the soldering 
conditions) . The increase in thickness in the oxidized 
region of the wire is more than 16%, since the NiO 
formed is porous. During the oxidation, the nickel 
meshes and their wires sinter together. During the 
subsequent reduction of the nickel mesh, the original 
thickness of the mesh assembly is restored or even, 
under certain circumstances, reduced further. 

During this reduction, the nickel wires sinter 
together, so that a reduction in the desired 
flexibility and also a reduction in the thickness 
occur, which is undesirable. The reduction in thickness 
may also lead to contact separation, which can lead to 
damage to components . 

The invention is based on the object of further 
developing a fuel cell or a fuel cell stack having the 
features of the preamble of patent claim 1 in such a 
manner that the reduction in thickness and flexibility 
of the nickel mesh(es) is avoided, so that contact 
between the anode and the interconnector plate which is 
as complete as possible can be achieved. 

This object is achieved by the characterizing features 
of patent claim 1. Advantageous refinements of the fuel 
cell will emerge from subclaims 2-8. 

The essence of the invention is regarded as being that 
at least one metallic mesh, which is protected against 



oxidation, is inserted between anode and interconnector 
plate in order to flexibly make contact. 

Meshes of this type as the contact layer have the 
advantage that they can no longer be oxidized, and 
consequently the increase in thickness is also 
eliminated. Since no oxidation has taken place, there 
is also no need for a reduction of the metallic meshes, 
with the associated drawbacks, such as for example 
contact separations during the reduction in thickness 
or flexibility losses, do not occur. On account of the 
fact that the oxidation/reduction process does not take 
place, the original thickness and flexibility of the 
oxidation-protected meshes is retained, so that a 
contact layer which makes very good contact between 
anode and interconnector is created. Moreover, a 
reduction in the thickness of the metallic meshes as 
the service life progresses is prevented. 

The metallic meshes are expediently coated with an 
oxidation-resistant protective layer. In this way, the 
metallic meshes, e.g. nickel meshes, remain unaffected 
both in terms of their composition and in terms of 
their mechanical and electrical properties, i.e., inter 
alia, they remain substantially flexible, do not bring 
about any change in thickness and substantially retain 
their advantageous properties. It is advantageous in 
this case that, before being introduced as flexible 
contact layer, the metallic meshes are subjected to the 
coating process. The assembly with the other components 
and the soldering are then to be carried out in the 
customary way. 

Coated 'nickel meshes can be provided as metallic 
meshes. The nickel meshes satisfy the requirements with 
regard to flexibility and also electrical conductivity. 

The metallic meshes provided may also be coated 
stainless steel meshes, which have the property of only 



being superficially oxidized, down to a depth of 
approximately 5 /im. The stainless steel meshes are in 
this case likewise coated with an oxidation-resistant 
protective layer. A further advantage of the stainless 
steel meshes is that their coefficient of thermal 
expansion is well matched to the thermal 
characteristics of the components of the fuel cell 
stack. This property is highly advantageous in 
particular when the fuel cell operates at high 
temperatures . 

The protective layer advantageously contains chromium, 
and is therefore matched to the chemical composition of 
the interconnector plate. 

The protective layer advantageously consists of 
chromium carbide, which is highly electrically 
conductive and adheres very well to the metallic mesh. 
Moreover, a chromium carbide layer is very resistant to 
corrosion at corresponding oxygen partial pressures on 
the fuel gas side. Furthermore, these layers are stable 
when methane or gases derived from carbon, which are 
later charge media on the fuel gas side of the high- 
temperature fuel cell, are used. 

A further advantage of the coating with chromium 
carbide consists in the fact that, when using gases 
which are derived from carbon and are passed through 
the gas ducts on the anode side of the interconnector 
plates, minor constituents of the protective layers are 
restored again by the gases derived from carbon. 
Therefore, the chromium carbide layer is particularly 
favorable in thermodynamic terms. 

By way of example, the chromium carbide used may be 
Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 23 C 6 . 

It is also possible for the protective layer of the 
metallic meshes to consist of chromium nitride. 



The protective layer expediently has a thickness d of 
0.1-10 fim, so that, firstly, sufficient resistance to 
oxidation is provided and, secondly, the flexibility of 
the metallic meshes is scarcely restricted. 

The invention is explained in more detail with 
reference to an advantageous exemplary embodiment shown 
in the drawings, in which: 

Fig. 1 shows a diagrammatic cross-sectional 

illustration of the layers of a fuel cell, and 

Fig. 2 shows an enlarged, diagrammatic cross-sectional 
illustration of a coated nickel mesh. 

The fuel cell stack of the fuel cell 1 corresponding to 
the diagrammatic illustration in Fig. 1 comprises an 
interconnector plate 5', a protective layer 8, a 
contact layer 9, a cathode 2, an electrolyte 3, an 
anode 4, two nickel meshes 6, 6' which rest on top of 
one another, and an interconnector plate 5, these 
components being arranged in parallel, in layers, on 
top of one another. The nickel mesh 6 is thinner than 
■the nickel mesh 6'. 

The nickel meshes 6, 6' are protected against 
oxidation, in order to avoid oxidation of these meshes, 
which usually occurs during soldering of the entire 
fuel cell stack. The oxidation of the nickel meshes is 
linked to an increase in thickness, the original 
thickness of the mesh assembly being restored during 
the subsequent reduction operation. This may lead to 
contact separations, which can cause damage to 
components. Moreover, after the reduction the nickel 
wires become sintered together, so that the desired 
flexibility is reduced. Accordingly, the oxidation- 
protected meshes avoid the oxidation/reduction process 
of the mesh assembly and the associated drawbacks. The 



original flexibility and the thickness of the meshes 
can be retained, so that complete contact between anode 
4 and the contact layer of the nickel meshes 6, 6' and 
the interconnector plate 5 is created. Moreover, a 
reduction in thickness of the nickel meshes 6, 6' 
during operation of the fuel cell 1 is prevented. 

As can be seen from Fig. 1 and Fig. 2, the nickel 
meshes 6, 6' are provided with an oxidation-resistant 
protective layer 7. This coating may be carried out 
before assembly of the individual components . 
Therefore, the original, advantageous properties of the 
nickel meshes 6, 6' are not changed by an oxidation 
process and a subsequent reduction process. Fig. 2 
shows an enlarged excerpt illustrating the coating of a 
nickel mesh 6 or 6'. 

Stainless steel meshes, which have the advantage of a 
coefficient of longitudinal thermal expansion being 
matched to the components of the high- temperature fuel 
cell, may also be provided instead of the nickel meshes 
6, 6' . 

The protective layer 7 consists of chromium carbide, 
which has the advantage that, when using gases derived 
from carbon, which are introduced through the gas ducts 
on the anode side of the interconnector plates 5, 5', 
constituents which disappear from the protective layers 
are restored again by the gases derived from carbon. 

Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 23 C 6 or similar chromium carbides 
with different valencies can be used as chromium 
carbides . 

The protective layer 7 has a thickness d of 0.1-10 Aim, 
in order to reliably prevent oxidation and to scarcely 
affect the flexibility of the nickel meshes 6, 6'. 



Patent claims 

1. A fuel cell (1) or a fuel cell stack, having 
cathodes (2) arranged in parallel in layers, 
electrolyte (3), anodes (4) and interconnector 
plates (5, 5'), as well as at least one metallic 
mesh (6, 6') which is inserted between anode (4) 
and interconnector plate (5) for flexibly making 
contact, characterized in that the at least one 
metallic mesh (6, 6') is protected against 
oxidation . 

2. The fuel cell as claimed in claim 1, characterized 
in that the at least one metallic mesh (6, 6') is 
coated with an oxidation-resistant protective 
layer (7) . 

3. The fuel cell as claimed in one of claims 1 or 2 , 
characterized in that the mesh (6, 6') is a coated 
nickel mesh. 

4. The fuel cell as claimed in one of the preceding 
claims, characterized in that the mesh (6, 6') is 
a coated stainless steel mesh. 

5. The fuel cell as claimed in claims 2-4, 
characterized in that the protective layer (7) 
contains chromium. 

6. The fuel cell as claimed in one of the preceding 
claims 2-5, characterized in that the protective 
layer (7) consists of chromium carbide. 

7. The fuel cell as claimed in claim 6, characterized 
in that Cr 3 C 2 , CrC, Cr 7 C 3 or Cr 2 3C 6 is used as 
chromium carbide . 

8. The fuel cell as claimed in one of the preceding 
claims, characterized in that the protective layer 
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(7) has a thickness (d) of approximately 0.1- 
10 fim. 



Abstract 



Oxidation-protected electrical contact -making element 
on the fuel gas side of a high- temperature fuel cell 

The invention relates to a fuel cell (1) or a fuel cell 
stack, having cathodes (2) arranged in parallel in 
layers, electrolyte (3), anodes (4) and interconnector 
plates (5, 5'), as well as at least one metallic mesh 
(6, 6') which is inserted between anode (4) and 
interconnector plate (5) for flexibly making contact, 
wherein the at least one metallic mesh (6, 6') is 
protected against oxidation. 
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Paragraphen des Absatzes 35 der ZivilprozeSordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1 .56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


1 hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application^) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1 .56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgegeben) abandoned) 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D,M,Y) 
(Anmeldedatum T, M; J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



Customer No. 30596 



And I hereby appoint 



Direct Telephone Calls to: (name and telephone 
number) 



Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Send Correspondence to: 

Harness, Dickey & Pierce , P.LC. 
12255 Q 1inr eQ w«»ii-yTW Q g..i tf > 201 91 Restnn , V a 
Telephone: +1 703 390 3030 and Facsimile +1 703 3903520 



^Customer No. 30596^) 



Voller Name des einzigen Oder ursprtinglichen Erfinders: 
Thomas lancing 


Full name of sole or first inventor: 

Thomas Jansing 


Unterscfirift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz "T" 1 

Njjrnkeig_ p/F 7<s 


Residence 

Nurnberg, 


Staatsangehorigkeit 

DE ^ 


Citizenship 

DE 


Postanschrift 

Kilianstrasse 46 


Post Office Addess 

Kilianstrasse 46 


90425 Nurnberg 


90425 Nurnberg 


Voller Name des zweiten Miterfinders (falls zutreffend): 


Full name of second joint inventor, if any: 


Unterschrift des Erfinders Datum 


Second Inventor's signature Date 




Residence 


Postanschrift 


Citizenship 



(Bitte entsprechende Infonvationen und Unterschriften im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindem angeben). subsequent joint inventors). 



PTO-FB-240 (8-83) 
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